Chromosomal inversion In(3R)C and extra dorsocentral and scutellar macrochaetae are correlated in Asturian natural populations of Drosophila melanogaster in that selection for extra bristles produced an increase in In(3R)C frequency. In the present work two populations with significantly different frequencies of the In(3R)C inversion were created and a significant positive correlation between In( 3R)C frequency and frequency of individuals carrying extra bristles was found. This result confirms the correlation between bristles and In(3R)C. In addition, the correlation between the two characters is also demonstrated at the individual level.
Introduction
Correlation between chromosomal inversions and different characters is said by some workers to be the main force that accounts for the maintenance of some inversion polymorphisms in wild and domesticated populations of Drosophila melanogaster (e.g. Afonso et al., 1985) . Other authors explain inversion polymorphisms by a selective advantage of heterokaryotypes (e.g. Laurie-Ahlberg & Merrell, 1979; Barnes, 1983) . Finally, some authors propose that supergenic selection maintains inversion polymorphisms because of co-adaptation (e.g. Watanabe & Yamazaki, 1976; GarcIa-Vázquez & Sánchez-Refusta, 1989) .
Polygenes that determine extra bristles are on all the major chromosomes in D. melanogaster with variable influence depending on the lines (Sheldon & Milton, 1972; Garcfa-Vázquez & Rubio, 1988) . Rubio & Albornoz (1982) found a zone in the 3R arm that determines a significant increase in the bristle number that overlaps more than 50 per cent with the In(3R)C.
Chromosomal inversion In(3R)C and extra macrochaetae were found in Asturian natural populations in variable frequencies that can be very high (GarcIaVázquez et a!., 1989) . In these populations a correlation between the variation of dorsocentral and scutellar bristles and the frequency of In( 3R)C was discovered. GarcIa-Vázquez & Sánchez-Refusta (1989) demonstrated that by selecting recently caught lines for increasing bristle number, In(3R)C heterozygote frequency also increased. The higher the response to selection for bristles, the higher the frequency of In(3R)C maintained in such lines.
In this paper, we test the inverse phenomenon: in recently caught lines managed with respect to their In(3R)C frequency, the occurrence of extra bristles is shown to be correlated with different In(3R)C frequencies. In addition, we also investigate the existence of the correlation at the individual level, in an attempt to determine its biological significance.
Materials and methods A sample of 56 Drosophila melanogaster females was captured in a cellar of Asturias (North of Spain), using yeasted banana traps. Isofemale lines, each from the progeny of one female, were established in the laboratory.
Salivary gland chromosomes from five larvae per line were analysed in the first laboratory generation, according to Levine & Schwartz's (1970) method. Chromosomal pattern was determined by direct analysis, using Lefèvre's (1976) standard photographic map.
To start the INV population, five virgin couples were selected from each of the 10 isofemale lines showing the highest frequency of the cosmopolitan inversion In(3R)C. To start the STD population, the same procedure was followed with the 10 isofemale lines showing the highest frequency of standard chromosomes.
The chromosomal patterns of 50 first-generation larvae from each of the newly created STD and INV populations were analysed by the same method described above. We also recorded in this generation the phenotypes of dorsocentral and scutellar macrochaetae of 500 males and 500 females from each population. Flies with fewer bristles than the normal phenotype appeared in negligible proportions (less than 0.5 per cent) and are not considered in our results.
In this generation, 50 virgin females from the INV population were crossed with 50 virgin males from the STD population to create the INVX STD population. The same procedure was followed with 50 females from STD and 50 males from INV to create the STD x INV one. Chromosomal arrangements and extra bristles were recorded in the first generation of these populations, following the procedure described for INV and STD.
The INV and STD populations were maintained separately in 10 bottles each, with standard culture medium. Six generations without artificial selection were obtained by means of rotational crosses. Inversions were recorded in 30 larvae per population in each of generations G.1, G.3, G.4 and G.6. Bristles were recorded in 500 males and 500 females at G.6, in both populations.
In parallel to these experiments, two lines were started from each of STD and INV populations using 10 couples per line. Selection for increasing number of dorsocentral and scutellar bristles was performed in the four STD-1, STD-2, INV-1 and INV-2 lines. The 10 females and 10 males with the best phenotype (having at least one extra bristle) were selected from each generation. From the first to the fifteenth generation the extra bristle phenotype of 50 females and 50 males, taken at random, were registered in each of the four lines.
In the fifteenth generation, bristle phenotypes were registered in 50 virgin females from STD-1 and in 47 virgin females from INV-1. These females were then individually mated to males from the Canton strain, a strain standard for chromosome constitution. By 
Results
Inversion frequencies in the captured population were 8.03 per cent for In(2L)t, 7.14 per cent for In(2R)NS, 1.78 per cent for In(3L)P, 0.89 per cent for Tn(3R)P and 15.18 per cent for In(3R)C. After six generations without artificial selection, In(3R)C frequency decreased slightly in the INV population and increased slightly in the STD population, while the percentage of individuals with extra bristies was maintained in both populations (Table 2) . We can see that the correlation between In(3R)C and extra bristles did not change in the laboratory, at least in the first generations. Males and females exhibit sexual dimorphism for bristle number although following the same pattern (Table 3) ; hence, only one sex is taken into account, usually the females. The response to selection was analysed by comparing the female regression slopes bi, b3, b5 and b7 following Sokal & Rohlf(1981) . The four slopes were significantly (P < 0.001) different (Table 4) but by separating the analysis of variance into its components, one can see that the differences between hi and b3 (STD-1 and STD-2 lines) and between b5 and b7 (INV-1 and INV-2 lines) are not significant. The only significant difference (P < 0.001) is that between bS (corresponding to STD lines pooled) and bI (corresponding to INV lines pooled) (Table 4) . That is, lines derived from the INV population reached averages of extra bristles per female that were significantly different (about four times higher) than lines , 1989) and by selecting for increasing bristle number, the frequency of In(3R)C also increased (GarcIa-Vázquez & Sánchez-Refusta, 1989) . In the present work, selection for a higher frequency of As expected, the response to selection for increasing bristle number was much more effective in lines with a high In(3R)C frequency than in the standard ones (Tables 3-5) and, in addition, the correlation between In(3R)C and bristles is shown to occur at the individual level (Table 5 ).
The different response to selection according to the frequency of In(3R)C, and the individual correlation between In(3R)C and bristle number, prove again that some genetic factors involved in the increase in bristle number are included in the inversion. Although all the three main chromosomes contribute to increased bristle number, chromosome 3 makes the highest contribution by increasing chaetogen production in dorsocentral and scutellar areas (Rubio & Albornoz, 1982; Albornoz & Rubio, 1986; GarcIa-Vazquez & Rubio, 1988) .
Following on from the usual explanation for the persistence of inversions in natural populations (e.g. Fontdevila et a!., 1983) , In(3R)C in Asturian populations could be a co-adapted set of genes which has captured allelic variants of bristle polygenes that determine the increased chaetogen amount (GarcIa-Vázquez and Sánchez-Refusta, 1989 ). This explains why, in the two lines, the best response to selection came from the INV population. Here, a high frequency of In(3R)C is maintained and with many alleles producing chaetogen.
In the lines derived from the STD population the response to selection was slower but the bristle number and the In(3R)C frequency increased together. Alahiotis eta!. (1977) and Inoué (1979) found that the frequency of inversions decreased quickly in lines of Drosophila kept in laboratory conditions as we found in the INV line without artificial selection (Table   2) The existence within In(3R)C of gene factors for bristle number increase is probably not an adequate explanation for the persistence in high frequency of this inversion in natural Asturian populations. Genes directly concerned with fitness could also be carried by the In(3R)C, and so contribute to its persistence at a high level in natural populations.
